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Abstract
Tin oxide thin films doped with iron were deposited on glass substrate, using co-
deposition dip coating sol-gel technique, the films were doped with iron oxide at 
different concentration (%2,%5,%7,%10).The samples were called 
(S2,S5,S7,S10).Then it's sintered for 2 hour at temperature 600 ºC. The electrical 
properties of the samples that were called (S2,S5,S7,S10) were studied by DC and 
AC measurements. From DC measurement, the potential high between the grain 
boundary of the sample was determined. From AC measurement, by drawing the 
relationship between complex part and real part of the complex impedance. we 
note that figures of the impedance spectrum have a semi-cycle which means that it 
is due to Debye model that involves the grain to be homogenous. Then the 
activation energy was determined by using AC and DC measurement. The density 
of free charge was determined as well as the density of trapped state determined 
too for the whole samples,too. By using Mott Schottky relationship we 
determined type semiconductor.
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1. Introduction
Hydrogen is considered to be one of the most promising candidates as a substitute 
for fossil fuels. Nowadays, most hydrogen is produced from fossil-based 
materials. However, the environmental concerns together with the fast depletion 
of fossil fuels reserves are increasingly demanding clean and renewable hydrogen 
resources. Biomass is regarded as the most versatile renewable and easily 
available resource which can be utilized for sustainable generation of hydrogen 
[1]. The processes for hydrogen production from biomass can be divided as two 
main groups, namely (i) thermo-chemical processes (pyrolysis, conventional 
gasification, supercritical water gasification, etc.) and (ii) biological processes 
(dark fermentation, photo fermentation, et c.) [2]. In particular, biohydrogen 
production from biomass is very advantageous since biomass is abundant, clean, 
cheap, renewable and highly biodegradable [3]. During biohydrogen production 
from biomass, the by-products (acetic acid (HAc), butyric acid, prop ionic acid, 
alcohols) in wastewater need to be further converted to hydrogen by other clean 
processes [4]. In this regard, photo catalytic H2 production process appears an 
ideal solution by achieving simultaneous hydrogen production and pollutants 
removal. Thus, a two-step route for hydrogen production from renewable biomass 
can be established by coupling biological H2 production process with photo 
catalytic H2 production process, as follows: the biomass is first converted to 
hydrogen gas, acids and alcohols by fermentative bacteria and then the produced 
acids and alcohols in solution are further converted to hydrogen gas with the use 
of photo catalyst and light [5]. For this purpose, it is of great importance to 
explore the possibility of photo catalytic H2 production from acids and alcohols 
present in waste water. Photo catalytic H2 production from water-splitting process 
using semiconductors and solar energy is believed to be one of the most 
promising renewable technologies [6]. Since pioneering work from Fujishima and 
Honda [7], many attempts to enhance the efficiency of water-splitting process 
using various semiconductors have been made at various laboratories 
[8-10].Semiconductors with small and medium band gaps, show lower light-
harvesting ability in visible light [11]. Therefore, coupling of semiconductors with 
different band gaps is good approach to prepare photo catalysts with high activity 
and good stability. The excited electrons can transfer in coupled semiconductors
from the high conduction band to the low one, leading to efficient separation of 
photo generated electron-hole pairs. Enhancements in photo catalytic H2
production over coupled semiconductors including CdS/TiO2 [11], ZnS/TiO2 
[12], Cu2O/TiO2 [13], CuO/TiO2 [14,15], WO3/SiCeTiO2 [16], 
SrTiO3/TiO2[17], SnO2/TiO2 [18], Ta2O5/TiO2 [19], CuO/Al2O3/TiO2 [20] 
have been investigated extensively. The SnO2 exhibits good activity and stability 
under irradiation in both acidic and basic atmosphere. However, the pure SnO2 
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shows much lower photo catalytic activity even under UV irradiation due to its 
large band gap(3.6 eV) [21]. To improve its photo catalytic activity, it is necessary
to couple SnO2 with another semiconductor with lower band gap. The Fe2O3 is
a p-type semiconductor with a small band gap(1.73-196 eV) [22]. If the SnO2 is 
coupled with the Fe2O3,the n-SnO2/p-Fe2O3 heterojunctions can be formed in. 
The photo generated electrons from SnO2 can easily migrate toFe2O3.This favors 
the separation of photo generated electrons with holes, leading to enhancement of 
photo catalytic activity. The SnO2/ Fe2O3 nanocomposites (nanostructure) have 
been studied as gas sensor materials [23-25] or electrochemical materials [26].To 
enhance the  performance of SnO2/ Fe2O3 nanocomposite, it's better to know more 
about the electrical properties of SnO2/ Fe2O3.The objective of this study is to 
fabricate SnO2 doped with Fe2O3 photo catalyst, and to see when it's converted to 
P-type semiconductor. The SnO2/ Fe2O3 photo catalysts have been prepared by 
simple co-deposition using sol-gel method.

2. Experimental
The SnO2/ Fe2O3 thin films have been prepared by the simple co-deposition using 
Sol-Gel dip coating method . SnCl4.5H2O and FeCl3:6H2O are used as starting 
materials. Typically, SnCl4 and FeCl3 with a desired weight ratio(table 1 )are 
mixed together in Ethanol. The obtained solution is continuously stirred at 25 ºC
for 2 h and  aged 2 days. By using dip coating technique, thin films were 
deposited on glass substrate and cleaned by conventional method dried at 80 ºC , 
and sintered at 600 ºC for 2 h. The samples named S2,S5,S7,S10 table (1) show 
different parameters of prepared samples.
Table 1.
Sample S2 S5 S7 S10
Weight ratio (gr) of SnCl4.5H2O 9.8 9.5 9.3 9
Weight ratio (gr) of FeCl3.6H2O 0.2 0.5 0.7 1
3. Electrical Properties 
3.1. (I-V) Characteristic
DC measurements carried out using high resistance meter (hp 4339A).                      
I-V characteristic were taken at constant temperature (150 , 200, 250 C) for all 
samples .Figure (1) shows that the current increases nonlinearly with increasing 
voltage , and the relationship between current and voltage is [27]: 
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Where  R: nonohmic resistance, ĮIDFWRU nonlinear. The nonohmic behavior of 
resistance can be attributed to ceramic structure of prepared thin films.
Fig.1. current in function of applied voltage (a) T=150 ºC,(b) T=200 ºC,(c) T=250 ºC.
3.2. Electrical resistance changing
The variations of electrical  resistance with temperature in range of (150-250 C) 
measured by using electrometer type  Keithley 616- digital. Figure (2) shows that 
the resistance decreases with increasing temperature and obeys to the  flowing 
relation :
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Where :  K2
\E  DQGȥGRXEOH Schottky barrier height between the grains that 
form a surface of the film, given by the  flowing relation[28]:   
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Where Nd: Free charge concentration (elections or holes),and Ns: Density of 
trapped states.
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Fig.2.variations of  films resistance with temperature .
Schotty barrier height can be determined from the slope of  )1(
T
fRLn  
Figure (3) shows ln(R) as function of 1/T for all samples.

Fig.3.
From the slopes, the barriers height were determined. Table(2) gives the different 
values of  ȌIt's the smallest for sample S5.
Table 2. ln(R) as function of 1/T .
S2S5S7S10Sample 
9131722882298546Ǻ
0.33080.2618 0.29810.3096evȌ
3.3. AC measurements
AC measurement carried out using   GAIN PHASE ANALYZER (Schlumberger-
SI1253) . A complex impedance spectrum in frequency range (1- 20000HZ) and 
at constant voltage  (v=5V),and different temperature (150,200 and 250) where 
taken for all films ( S2,S5,S7,S10).
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Figure (4) shows the relationship between the imaginary part ;Ȧ and the real 
part 5Ȧ of the complex impedance. We note that  impedance spectrum has a
semi-cycle which means that it's due to Debye model which  involves the grain to 
be homogenous.

Fig.4. ;Ȧ I>5Ȧ].
3.4. Activation energy
To define the activation energy , complex impedance spectrum taken  for all the 
films at temperature (150,200,250)C ÛIor all samples ,figure (5).


Fig .5. ;Ȧ f[5Ȧ], (a) sample  S2, (b) sample  S7, (c) sample  S7, (c) sample  S7, (d) sample  S10.
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From above figures, we note that when  temperature of the samples rises, semi-
cycle will be deformed and the shape of grain deformed, too. Debby model
transfers to Cole-Cole model. To calculate the activation energy of prepared films, 
frequencies values had been taken at X(Ȧ)=R(Ȧ) from impedance spectrum at 
different temperature, where the following expression can be applied:
)5(/0
KTEaeff  
By taking Ln(f) as function of 1/T ; activation energy can be determined. The
charge concentration (elections or holes ) were determined from the relation:  

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The  change density of trapped state calculated from the following expression [28]
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Table (3) gives the values of different parameters for all samples.

Table 3.
S10S7S5S2Sample
0.09100.06830.06230.0935Ea (ev)
1.29E203.11E+203.93E201.17E20Nd(T=25ºC) /m-3
5.90E209.77E2011.2E205.59E20Nd(T=250ºC) /m-3
2.484E143.791E143.992E142.446E14NS(T=25ºC) /m-2
5.320E146.714E146.725E145.349E14NS(T=250ºC) /m-2
From table (3) ,we note the biggest values of ( Nd and NS) are for sample S5,and  
increase when temperature rises .

3.3. Invert from n- type  to p-type

By calculating the capacitance between grains boundary, then by applying the 
following Mott ±Schottky expression [29]:
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respectively.
Figure (6) shows ,the relation between )()
2
11( 2
0
Vf
CC
  as function of applied
voltage. When Nd >> Na the slope will be positive and the semiconductor is       
n-type; when Na >> Nd the slope will be negative and the semiconductor is p-type.
Table (4) gives different values of Nd or Na and the type of carriers charge.
Fig .6.
Table (4) indicates the values of the density of shallow states (Na or Nd) and the 
type of carrier of charges.
Table 4.
S2S2S2S2Sample
1.29E212.32E211.66E211.45E21Nd or Na /m3
npPPConductivity type
4. CONCLUSION:
The transition from n- to p-type conductivity on n-type semiconductor can be 
caused by a formation of an inversion layer at the surface and therefore to the 
inversion of the type of mobile carrier at the surface [30-31]
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